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by 

B .V.  Vinogradov 

Space photography i s  a method used  f o r  r e c o r d i n g  t h e  
e l e c t r o m a g n e t i c  f i e l d  of t h e  E a r t h  by  means o f  pho tographs  t a k e n  
f r o m  s p a c e c r a f t s  l o c a t e d  beyond t h e  l i m i t s  of t h e  E a r t h ' s  a tmosphere .  
A t  t h e  p r e s e n t  t i m e ,  a c o n s i d e r a b l e  number of s p a c e  pho tographs  of  
v a r i o u s  l a n d s c a p e s  o f  t h e  E a r t h  have a l r e a d y  been o b t a i n e d ,  t h e  
i n t e r p r e t a t i o n  c h a r a c t e r i s t i c s  of which va ry  a c c o r d i n g  t o  t h e  space -  
c r a f t  u s e d ,  t h e  p h o t o g r a p h i c  equipment ,  t h e  s e n s i t i v i t y  o f  photo-  
g r a p h i c  f i l m s ,  t h e  a l t i t u d e  and o p t i c a l  a x i s  o f  photography,  t h e  
i l l u m i n a t i o n  c o n d i t i o n s  of  t h e  E a r t h ' s  s u r f a c e ,  t h e  absence  or  
p r e s e n c e  o f  c l o u d  c o v e r  a t  t h e  t i m e  pho tographs  are t a k e n ,  and ,  
f i n a l l y ,  a c c o r d i n g  t o  t h e  t e c h n i q u e s  used  f o r  t r a n s m i t t i n g  t h e  
p i c t u r e s  t o  t h e  E a r t h .  I n  certain f i e l d s  o f  g e o g r a p h i c  s t u d i e s ,  
such  as i n  c l i m a t o l o g y  and oceanology,  s p a c e  pho tographs  have  a l r e a d y  
found a rea l  and p r a c t i c a l  a p p l i c a t i o n ,  w h i l e  i n  o t h e r s  (geo logy ,  
b iogeography)  r e s e a r c h  i s  i n  progress on methods o f  e f f e c t i v e  u t i l i -  
z a t i o n  of such  pho tographs .  

A l m o s t  a l l  t y p e s  o f  l a n d s c a p e s  o c c u r i n g  on E a r t h  from t h e  
A r c t i c  t o  t h e  t r o p i c s  have  been photographed from s p a c e  ( F i g . 1 ) .  

T h i s  f a c t  p e r m i t s  u s  t o  make t h e  f i r s t  g e n e r a l  s t a t e m e n t s  i n  
o r d e r  t o  d e t e r m i n e  t h e  p o t e n t i a l  and o u t l i n e  t h e  possible means of 
development  of  cosmic photography f o r  t h e  g e o g r a p h i c  s t u d y  of t h e  
E a r t h  [2 -4 ,6 ,20 ,22 ,28 ,291 .  

TECHNICAL ASPECTS O F  SPACE PHOTOGRAPHY 

F l i g h t  c o n d i t i o n s  o f  r o c k e t s  o r  s a t e l l i t e s ,  t e c h n i q u e s  used  
f o r  t r a n s m i t t i n g  images back t o  E a r t h ,  t h e  s t a b i l i t y ,  p e r i o d i c i t y  
and r e c u r r e n c e  o f  p h o t o g r a p h i c  methods - a l l  t h e s e  t e c h n i c a l  a s p e c t s  
are o f  p a r t i c u l a r  s i g n i f i c a n c e  i n  t h e  methods used  f o r  s p a c e  photo-  
graphy.  F o r  t h i s  r e a s o n ,  a l l  space  pho tographs  can be c l a s s i f i e d  
i n t o  3 groups  a c c o r d i n g  t o  t h e  method and means used  f o r  o b t a i n i n g  
them: 1)- pho tographs  t a k e n  from sounding r o c k e t s ;  2 ) -  pho tographs  
t a k e n  f r o m  o r b i t i n g  s p a c e c r a f t s  t r a n s m i t t i n g  p i c t u r e s  d i r e c t l y  t o  
t h e  E a r t h ;  and 3 ) -  pho tographs  t aken  by s a t e l l i t e s  r e g u l a r l y  t r a n s -  
m i t t i n g  images of  t h e  E a r t h  through t e l e v i s i o n  c h a n n e l s .  I n f o r m a t i o n  
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on t h e  s u r f a c e  of t h e  E a r t h  can  be o b t a i n e d  i n  t h e  form of phets -  
g r a p h s ,  t e l e v i s i o n  p i c t u r e s ,  g e o p h y s i c a l  d a t a * ,  and v i s u a l  o b s e r -  
va t i o n s  * * 

SPACE PHOTOGRAPHY O F  THE EARTH FROM SOUNDING ROCKETS 

The f i r s t  o u t e r  soace photographs  o f  t h e  E a r t h  w e r e  o b t a i n e d  
a t  t h e  White Sands r ange  i n  New Mexico ( U S A )  i n  1945 from a V--2 
r o c k e t  a t  an a l t i t u d e  of 1 2 0  km [281. During t h e  p e r i o d  1946-1958 
( i . e .  p r i o r  t o  t h e  l a u n c h i n g  o f  a r t i f i c i a l  E a r t h ' s  s a t e l l i t e s )  a t  
l eas t  3 6  r o c k e t s  o f  t h e  V-2 ,  Viking and Asrobee t y p e s  w e r e  l aunched  
from t h i s  r a n g e  [17, 2 1 ,  2 6 1 ,  and took  pho tographs  o f  t h e  E a r t h .  
Rocket  pho tographs  are t a k e n  from an  a l t i t u d e  of 100-150 km. Many 
pho tographs  w e r e  i n t e n d e d  f o r  p l o t t i n g  r o c k e t  t ra jec tor ies  and 
t h e r e f o r e  w e r e  s t r o n g l y  o b l i q u e  and i n c l u d e d  a p i c t u r e  of t h e  h o r i z o n .  
A t  t h e  s a m e  t i m e ,  r o c k e t  pho tograph ing  programs a l s o  i n c l u d e d  e x p e r i -  
ments  aimed a t  s e l e c t i n g  optimum p a r a m e t e r s  f o r  f u t u r e  s p a c e  photo-  
graphy from sa t e l l i t e s .  Thus,  i t  w a s  found a l r e a d y  d u r i n g  t h e  f l i g h t  
of  Viking-12 (1955)  t h a t  t h e  u s e  of an i n f r a r e d  f i l m ,  which g i v e s  an 
image of t h e  E a r t h ' s  s u r f a c e  less s u b j e c t  to  t h e  e f f e c t  o f  haze  i s  
p r o m i s i n g  f o r  t h e  u s e  i n  o u t e r  space  photography.  O f  a l l  photocameras  
used  i n  s p a c e  pho tography ,  t h e  best  image q u a l i t y  w a s  ~ h t a i n e c !  clcrizq 
photography w i t h  s t a n d a r d  aer ia l  photocameras  ( f o r  example,  t h e  K-25 
model).  T h i s  i s  n o t  s u r p r i s i n g  s i n c e  s p a c e  photography i s  one of t h e  
t a r i a n t s  of ae ropho tography  . 

T h e  scale  of  r o c k e t  photographs  v a r i e d  w i t h i n  t h e  r ange  
1 /3~1Os- -1 /3 - lO6 .  E v a l u a t i o n  o f  t h e  t r u e  r e s o l v i n g  power w a s  c a r r i e d  
o u t  on pho tographs  of  t h e  E l  Paso r e g i o n  o b t a i n e d  w i t h  t h e  a e r i a l  
photocamera K-25 from a Viking-11 r o c k e t  i n  t h e  o r i g i n a l  scale  o f  
1/106 and magn i f i ed  7 t i m e s .  I t  was found t h a t  i n  s p a c e  pho tographs  
w i t h  a c a l c u l a t e d  r e s o l v i n g  power o f  a b o u t  200 m it i s  p o s s i b l e  t o  
r e c o g n i z e  such  d e t a i l s  as s t ree ts ,  r a i l r o a d  t r a c k s ,  c a n a l s  and o t h e r  
l i n e a r  o b j e c t s  w i t h  a w i d t h  n o t  exceed ing  20-30 m. I n  t h e  pho tographs  

* )  S e n s i t i v e  r e c e i v e r s  are c a p a b l e  o f  r e c e i v i n g  from t h e  E a r t h  r a d i a -  
t i o n  of  d i f f e r e n t  wave leng ths ,  r a n g i n g  from u l t r a v i o l e t  t o  r a d a r  wave- 
l e n g t h s .  T h i s  r a n g e ,  on one hand,  i s  c o n s i d e r a b l e  b r o a d e r  t h a n  t h e  
l i g h t  s e n s i t i v i t y  o f  p h o t o g r a p h i c  ma te r i a l s ,  and ,  on t h e  o t h e r ,  can  
b e  l o c a l i z e d  by any narrow o p t i m a l  s e c t o r .  Thus,  by measur ing  r e f l e c -  
t i o n  i n  h e a t  waves,  it i s  assumed t h a t  i n f o r m a t i o n  can be o b t a i n e d  on 
t e m p e r a t u r e  d i f f e r e n c e s  on t h e  s u r f a c e  o f  t h e  e a r t h  r e f l e c t i n g  t h e  
t e x t u r a l  p r o p e r t i e s  of s u r f a c e  f o r m a t i o n s ,  t h e  l i t h o l o g i c a l  compos i t ion  
and  t h e  m o i s t u r e  c o n t e n t  of s u r f a c e  d e p o s i t s  [ 7 ,  1 4 1 .  I n  a d d i t i o n ,  
i n f r a r e d  photography i s  an i m p o r t a n t  a d j u n t  of pho tography ,  s i n c e  it 
a l l o w s  c o n t i n u i n g  o b s e r v a t i o n s  of t h e  E a r t h ' s  s u r f a c e  a t  n i g h t .  The '  
p r e s e n t  r e v i e w ,  however,  i s  l i m i t e d  t o  t r a d i t i o n a l  p h o t o g r a p h i c  methods 
f o r  o b t a i n i n g  p i c t u r e s  of t h e  s u r f a c e .  
* * )  I n  a d d i t i o n  t o  t h o s e  enumerated above ,  v i s u a l  s p a c e  o b s e r v a t i o n s ,  
i t  s h o u l d  be  n o t e d  t h a t  t h e i r  performance b o t h  by t h e  naked e y e  and 
w i t h  the a i d  of  d i f f e r e n t  o p t i c a l  i n s t r u m e n t s  a p p e a r s  t o  be l i m i t e d  i n  
comparison w i t h  t h e  u se  of p h o t o g r a p h i c  s e n s o r s .  N e v e r t h e l e s s ,  a 
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o b t a i n e d  l a r g e  o b j e c t s  c o u l d  be clearly seen, such as thc Sier ra=  
Nevada and  Rocky Mountain C h a i n s ,  o u t c r o p s  o f  v a r i o u s  r o c k s  i n  
p l a t e a u s  and lower-mountain s l o p e s ,  r i v e r  b a s i n s  and f o r e s t s  on 
mounta in  s l o p e s ,  t h e  R i o  Grande v a l l e y  and r iver bed ,  and t h e  snow 
c o v e r  on mountains and h i l l s  ( ~ ' i g . 2 ) .  C c m p a r i s ~ r :  ~f dzta  obtaifie6 
i n  a second  series of  r o c k e t  pho togr  phs  made it p o s s i b l e  t o  i d e n t i f y  
t h e  phenology of v e g e t a t i o n  a n d  t h e  dynamics o f  t h e  snow c o v e r .  A f t e r  
t h e  l a u n c h i n g  o f  a r t i f i c i a l  e a r t h  s a t e l l i t e s ,  i n v e s t i g a t o r s  n a t u r a l l y  
d e v o t e d  t h e i r  p r i n c i p a l  e f f o r t s  t o  t h e  i n t e r p r e t a t i o n  of pho tographs  
t a k e n  by s p a c e c r a f t .  N e v e r t h e l e s s ,  r o c k e t  a e r i a l  photography l o s t  
n o t h i n g  of i t s  i m p o r t a n c e ,  p a r t i c u l a r l y  f o r  t h e  s o l u t i o n  o f  loca l  
p rob lems .  Thus,  i n  1963 a new program w a s  l aunched  f o r  pho tograph ing  
t h e  s t a t e  o f  New Mexico u s i n g  t h e  Aerobee r o c k e t  i n  o r d e r  t o  i n t e r p r e t ,  
from t h e  s p a c e  pho tographs  t a k e n ,  t h e  changes which took  p l a c e  i n  t h i s  
t e r r i t o r y  d u r i n g  t h e  p e r i o d  of ove r  1 5  y e a r s  s i n c e  it w a s  photographed  
w i t h  t h e  f i r s t  Vik ing  r o c k e t s .  

I n  a d d i t i o n  t o  t h e  White Sands r e s e r v a t i o n ,  r o c k e t  photography 
h a s  been  c a r r i e d  o u t  f r o m  r a n g e s  a t  F o r t  C h u r c h i l l  (Canada ) ,  Wallops 
I s l a n d  ( V i r g i n i a ,  USA)  and  Cape Kennedy ( F l o r i d a ,  USA). Some of  t h e  
r o c k e t  f l i g h t s  gave a c lear  image of t h e  l a n d  s u r f a c e ,  c loud  c o v e r  
and f l o a t i n g  ice. However, t h e s e  f l i g h t s  d i d  n o t  y i e l d  any s i g n i f i -  
cant 9ee9raph-i' results IC;, lS!. Space p h c t ~ g r ~ p h s  obtainzd f r o m  t h e  
A t l a s  r o c k e t  (19591, l aunched  from Cape Kennedy towards t h e  e s t u a r y  
o f  t h e  Amazon R i v e r ,  i n c l u d e d  a number of p i c t u r e s  o f  d ry - l and  sectors 
i n  t h e  marshy r e g i o n s  of  F l o r i d a ,  W e s t  I n d i e s  I s l a n d s  and t r o p i c a l  
f o r e s t s  o f  B r a z i l .  The pho tograph ing  o f  s u b a r c t i c  r e g i o n s  w i t h  A e r o -  
b e e  t y p e  r o c k e t s  ( 1 9 6 0 )  l aunched  f r o m  F o r t  C h u r c h i l l  w a s  a d e f i n i t e  
s u c c e s s .  T h e s e  r o c k e t s  t ook  photographs  of c l o u d  sys t ems ,  snow and 
ice  c o v e r s ,  g e o l o g i c a l  s t r u c t u r e s  of t h e  Canadian s h i e l d ,  l a k e s ,  
forests and  t u n d r a s  i n  t h e i r  s p r i n g  and autumn appearance  [81. 

Photography of t h e  E a r t h  from S p a c e c r a f t .  Photographing  t h e  
E a r t h  from o r b i t i n g  s p a c e c r a f t  w a s  s t a r t e d  i n  1960 as p a r t  o f  t h e  
Mercury (USA), Vostok and Voskhod (USSR), and Gemini (USA) f l i g h t  
programs.  The s u b o r b i t a l  f l i g h t s  o f  MR-1 (1960)  and  MR-2 and 3 ( 1 9 6 1 1 ,  
s i m i l a r l y  t o  t h o s e  o f  sounding  r o c k e t s ,  gave p i c t u r e s  o f  l i m i t e d  
t e r r i t o r i e s  o f  F l o r i d a ,  t h e  Bahama I s l a n d s ,  and t h e  A t l a n t i c  Ocean 
[ 6 ,  2 4 1 .  The o r b i t a l  f l i g h t  of t h e  s p a c e  s t a t i o n  MA-4 (1961) y i e l d e d  
t h e  f i r s t  s a t i s f a c t o r y  series o f  space  pho tographs  of t h e  E a r t h .  
T h i s  s t a t i o n  took  pho tographs  of a s t r i p  e x t e n d i n g  from F l o r i d a  t o  
Lake Rudolph and gave good-qua l i ty  p i c t u r e s  o f  t h e  E a r t h ' s  s u r f a c e  
between t h e  Moroccan coast l i n e  and Lake Chad [ 2 2 , 2 4 1 .  These photo-  

v i s u a l  e x a m i n a t i o n  o f  t h e  E a r t h  from o u t e r  s p a c e  w a s  s u c c e s s f u l l y  
c a r r i e d  o u t  by t h e  a s t r o n a u t s  B .  F.  Bykovskiy,  G .  Cooper,  A.  A .  
Leonov and o t h e r s  and gave a number of v a l u a b l e  o b s e r v a t i o n s  
( d i f f e r e n t  c o l o r  s h a d e s  of w a t e r  i n  t h e  area o f  t h e  Bahama I s l a n d s  
smog d i s t r i b u t i o n  over San Diego,  e t c . , )  p r i o r  t o  t h e i r  o b s e r v a t i o n  
on pho tographs  1 2 0 ,  231. 
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F i g u r e  I. 

A r e a s  covered by photographs  s u i t a b l e  f o r  u s e .  

From sound ing  rockets,  i n c l u d i n g  n o n o r b i t a l  Mercury f l i g h t s ;  
From Mercury space v e h i c l e s ,  and 
From Ti ros  I ,  I11 and I V  S a t e l l i t e s  [22]. Space pho tographs  
s u i t a b l e  for use  are t h o s e  w h i c h  give a p i c t u r e  of t h e  E a r t h  
free of c l o u d s  and are n o t  t o o  o b l i q u e ,  and which  e x h i b i t  
s h a d e  v a r i a t i o n s  s u f f i c i e n t  t o  make r e c o g n i t i o n  possible. 

g r a p h s  cover t h e  t e r r i t o r y  of Southern  Morocco, A l g e r i a n  S a h a r a ,  
S o u t h e r n  L ibya ,  and  t h e  n o r t h e r n  p o r t i o n  o f  Niger. The space photo-  
g r a p h s  c l e a r l y  show t h e  d i s t r i b u t i o n  of v a r i o u s  r o c k s  and  t h e i r  d i s -  
located c h a r a c t e r ,  t h e  l o n g i t u d i n a l  and t r a n s v e r s e  dunes  of t h e  G r e a t  
E r g s ,  large wadis,  t h e  rocky  deserts (hammadas) of t h e  Draa, t h e  
Melrir t h e  salt-bottom ( s o l o n c h a k )  d e p r e s s i o n s  ( s e b h i )  , t h e  A t l a s  
f o o t h i l l s ,  t h a  Ahaggar i s l a n d  mountains  and many other l a n d s c a p e s  
( F i g . 3 ) .  On t h e  s o u t h e a s t e r n  p i c t u r e s  of t h i s  r o u t e  it i s  p o s s i b l e  
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F i g u r e  I1 

Space  photograph  o f  t h e  R i o  Grande R i v e r  a r e a ,  o b t a i n e d  
f r o m  an  Aerobee sound ing  r o c k e t  f i r ed  f r o m  t h e  White Sands Range. 
Pho tograph  t a k e n  on 17 June  1963 from an a l t i t u  3 of 1 6 1  km w i t h  
a camera o f  f= 150 mm, f rame w i d t h  57 mm, v i s u a l  a n g l e  30°, on 
i n f r a r e d  f i l m .  O r i g i n a l  scale about  1 / 1 0 6  [ 2 2 ] .  

1. V a l l e y  o f  R i o  Grande River  w i t h  c u l t i v a t e d  f i e l d s  i n  v a r i o u s  
s t a g e s :  d r y  and h a r v e s t e d  - l i g h t e r  s e c t i o n s ,  i r r i g a t e d  and w i t h  
d e n s l e y  p l a n t e d  c r o p s  - d a r k e r  s e c t i o n s ;  

2 .  
3.  High i n t e r i o r  f l a t  p l a i n s  on o l d  e o l i a n  d e p o s i t s  w i t h  sandy 

and sandy-loam grey-brown s o i l s  and s h r u b  s t e p p e s  (Yucca and Boute lona  
s p e c i e s )  i n  t h e  s t a t e  of Texas ( U S A ) ;  supe rposed  are images of s m a l l  
cumulus c l o u d s  and  t h e i r  shadows; 

creosota bush  d e s e r t s  (Larrea t r i d e n t a t a ,  Yucca and  Opunt ia  s p e c i e s )  
i n  t h e  s ta te  o f  Chihuahua (Mexico);  

n o t i c e a b l e  c o n t r a s t  o f  l i g h t e d  and shady s l o p e s ,  c o n s i s t i n g  of c l a y e y  
s a n d s t o n e s  and c h a l k  marls ,  on t h e  n o r t h w e s t e r n  p lunge  of  t h e  S i e r r a -  
Madre f o l d e d  sys t em;  

n o t i c e a b l e  j e t  stream p a t t e r n  of temporary r u n o f f  b e d s ;  

Upper terrace o f  t h e  r i v e r  and b o u n d a r i e s  of r i v e r  v a l l e y ;  

4 .  In te r ior  h i g h l a n d s  on d e l u v i a l  and p ro luv ium d e p o s i t s  w i t h  

5 .  B r a c h y - a n t i c l i n e  up lands  and 1 0 0  t o  150  m h i g h  r i d g e s  w i t h  

6 .  Piedmont s l o p i n g  p l a i n s  c o n s i s t i n g  o f  pro luvium t r a i n s  w i t h  

7. C losed  c l a y  d e p r e s s i o n s - p l a i n s ;  
8.  C i t i e s  of E l  Paso ,  Ciudad J u a r e z  and I s l i t a ;  
9 .  Highways and r a i l r o a d  l i n e s .  
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t o  identify t h e  z o n a l  t r a n s i t i o n s  of  t h e  S a h a r a  deserts t o  t h e  
desert and  f o r e s t  c o n t a i n i n g  s t e p p e s  and savannas  of Sakhe l .  

The pho tographs  o b t a i n e d  from Mercury-6, 7 ,  8 ( 1 9 6 2 )  and 9 
(1963)  s p a c e  v e h i c l e s  w e r e  t a k e n  by t h e  a s t r o n a u t s  t hemse lves  u s i n g  
s m a l l  s i z e  ( 7 0  mm) manual photocameras .  High q u a l i t y  p i c t u r e s  w e r e  
o b t a i n e d  w i t h  t h e  Maurer-Hasselblad photocamera i n  t h e  o r i g i n a l  
scale o f  1 /2 -106-1 /5*106 .  The e a r l y  o p i n i o n  t h a t  t h e  u s e  of colored 
f i l m  i s  n o t  p r o m i s i n g  for  space photography of t h e  E a r t h  [16] was 
n o t  conf i rmed .  Photographs  t a k e n  from t h e  Mercury and Voskhod 
s p a c e c r a f t s  had a s a t i s f a c t o r y  c o l o r  image w i t h  a weak e f f e c t  of 
h a z e  and s c a t t e r e d  b l u e  l i g h t .  

Dur ing  t h e  f l i g h t  of MA-5, approx ima te ly  2 5  s p a c e  pho tographs  
of l a n d  areas w e r e  o b t a i n e d ,  showing l a n d s c a p e  t y p e s  of  t h e  w e s t e r n  
S a h a r a ,  dune s t r i p s  and t h e  t r a n s i t i o n  of d e s e r t s  t o  savannas  i n  t h e  
lower p o r t i o n  o f  t h e  S e n e g a l  R ive r -bas in ,  t h e  r iver sys tem (ne twork)  
and mounta in  topography of n o r t h w e s t e r n  Mexico, t h e  s o u t h e r n  and 
s o u t h e a s t e r n  p a r t s  o f  t h e  USA w i t h  a p i c t u r e  o f  t h e  hydrograph ic  
ne twork ,  fo res t  d i s t r i b u t i o n  and l a n d  c u l t i v a t i o n  forms. During t h e  
f l i g h t s  of MA-6, 7 and  8 ,  a s m a l l  number o f  d ry - l and  areas free of 
c l o u d s  w a s  a l s o  photographed  i n  Oceania ,  i n  n o r t h w e s t e r n  and w e s t e r n  
A f r i c a ,  F lor ida,  t h e  s o u t h e a s t e r n  USA, t h e  w e s t  coast of Mexico, and 
t h e  Gulf  of Mexico c o a s t l i n e  [6, 2 4  and o t h e r s ] .  More s u c c e s s f u l  
w a s  t h e  space f l i g h t  of a s t r o n a u t  Cooper aboa rd  t h e  MA-9 ( 1 9 6 3 ) ,  who 
o b t a i n e d  a b o u t  30 good-qua l i ty  photographs  of North A f r i c a ,  Arabia,  
I raq ,  I n d i a ,  T i b e t  and  t h e  P h i l i p p i n e s .  I n  t h e s e  p i c t u r e s  it i s  
p o s s i b l e  t o  r e c o g n i z e  c l e a r l y  t h e  r e l i e f ,  geological s t r u c t u r e ,  
g lac ie rs ,  snow covers, l a n d  c u l t i v a t i o n  forms,  run -o f f  i n  n e a r -  
e s t u a r y  sea r e g i o n s ,  and many o t h e r  d e t a i l s .  

Pho tographs  t a k e n  f r o m  A r t i f i c i a l  E a r t h ' s  S a t e l l i t e s .  A r t i f i -  
c i a l  E a r t h ' s  s a t e l l i t e s  o f f e r  t h e  p o s s i b i l i t y  o f  c o n t i n u o u s l y  
o b t a i n i n g  p i c t u r e s  of t h e  E a r t h  and r a p i d l y  t r a n s m i t t i n g  t h e s e  
p i c t u r e s  t o  r e c e i v i n g  s t a t i o n s  by t e l e v i s i o n .  I n  t h e  T i r o s  program 
( t h e  T e l e v i s i o n  and Inf ra -Red Obse rva t ion  S a t e l l i t e )  a t o t a l  of  8 
s a t e l l i t e s  were l aunched  p r i o r  t o  1965 i n  such  a way t h a t  e v e r y  
sector of t h e  E a r t h  w a s  l o c a t e d  i n  t h e  f i e l d  o f  v i s i o n  of a t  l eas t  
one  s t a t i o n  [27 ] .  The drawback of t h i s  s y s t e m  w a s  t h e  fac t  t h a t  t h e  
s a t e l l i t e s  had an  e q u a t o r i a l  o r b i t  and  t h e r e f o r e  d i d  n o t  cover t h e  
e n t i r e  s u r f a c e  of t h e  g l o b e  and were l i m i t e d  t o  65O n o r t h e r n  l a t i t u d e  
and  65' s o u t h e r n  l a t i t u d e .  Rece ive r s  of t h e  T i r o s  t e l e v i s i o n  sys t em 
are s e n s i t i v e  t o  r a y s  w i t h  wavelengths  of 0.45-0.8 pm,  which corres- 
ponds t o  t h e  s e n s i t i z a t i o n  of panchromat ic  and i n f r a c h r o m a t i c  photo-  
g r a p h i c  materials [ll]. The pho tograph ing  i s  done a t  a l t i t u d e s  of 
650-850 km on a v e r y  s m a l l  scale of 1 /12-107-1 /24*107 and a frame 
s i z e  of 6 . 3  x 6.3 mm w i t h  medium-angle cameras and on a scale of 
1 /7*106-1 /20 -106  w i t h  narxow-angle cameras (Ti ros  I and 11). These 
frames g i v e  a p i c t u r e  of an area of up t o  1000 km2. The r e s o l u t i o n  
of t h e  p i c t u r e s  i s  g e n e r a l l y  low ( a b o u t  3 km) and o n l y  p i c t u r e s  
o b t a i n e d  w i t h  nar row-angle  cameras f r o m  T i r o s  I and I1 r e a c h  a r e s o -  
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, .  

F i g u r e  I11 Photograph  o f  s o u t h w e s t e r n  
I .-. Plorocco o b t a i n e d  from t h e  

Plercury-4 S p a c e c r a f t ,  t a k e n  

t i t u d e  o f  163 .8  km w i t h  a 
I l au re r  camera, frame s i z e  
70 x 70 mm, f=75mm, v i s u a l  
a n g l e  4 S 0 ,  o p t i c a l  a x i s  i n -  
c l i n a t i o n  72' t o  t h e  n o r t h -  

i w e s t ,  on Anscochrome c o l o r e d  
f i l m .  O r i g i n a l  scale of 
f r o n t a l  p l a n e  1/22-105 [281. 

1. Nor the rn  o u t s k i r t s  of t h e  
Ihmmada D r a a  (da rk -g rey  
f i e l d s  i n t e r s e c t e d  by l i g h t  
l i n e s  o f  w a d i s )  - s tony  desert 
on l i m e s t o n e s  and conglome- 
rates covered by a d a r k  de- 
ser t  v a r n i s h  w i t h  a n  ex t reme-  
l y  s p a r s e  unde r sh rub  and li- 
chen  v e g g t a t i o n ;  
2. Denudat ion-accumula t ion  
submountain p l a i n  ( S a h a r a  
piedmont)  c o n s i s t i n g  o f  re- 
c e n t  ( l i g h t e r  s h a d e )  and an- 
c i e n t  ( d a r k e r  shade )  a rg i l l o -  
s h i n g l e  pro luvium w i t h  cereal- 
unde r sh rub  s ub t r o p i  cal  s e m i  - 
d e s e r t s  ( A r i s t i d a ,  Zizyphus 
s p e c i e s )  ; 

1 

I 

Ion  S e p t .  1 3 ,  1 9 6 1  f r o m  an a l -  

I 
..- 
' . .  *. 

--. 
. .  . -. 1 .  

\ . .  . , , -. . .. i 

. . ' . -  , 
6 , , - -.- -. . 

3 .  Hinge s t r u c t u r e  c o n s i s t i n g  of l a m i n a t e d  r o c k s  of t h e  C a r b o n i f e r o u s  p e r i o d  
( g r e y  s h a d e  w i t h  n o t i c e a b l e  cu rved  band ing)  ; 
4 .  Low ( r e l a t i v e  a l t i t u d e  200 m )  J e b e l  Ourkz iz ,  c o n s i s t i n g  o f  compact sand-  
s t o n e s  of t h e  C a r b o n i f e r o u s  p e r i o d  ( n o t e  t h e  c o n t r a s t  between t h e  s o u t h e r n  
and  n o r t h e r n  s l o p e s )  ; 
5.  L i t t o r a l  ( m a r i t i m e )  p l a i n  c o n s i s t i n g  of a l l u v i a l - d e l t a i c  and  e o l i a n  de- 
p o s i t s  w i t h  s h r u b  d e s e r t s  (Euphorbia ,  Lycium, Rhus s p e c i e s )  ( l i g h t - g r e y  smooth 
shade  w i t h  d a r k  l i n e  of t h e  Oued Draa b e d ) ;  
6 .  Ridge and h i l l  s t r i p  of t h e  w e s t e r n  t i p  of Jebel Ban i ,  c o n s i s t i n g  of 
c l a y e y  s a n d s t o n e s  of t h e  S i l u r i a n  p e r i o d  (da rk -g rey  shade  w i t h  n o t i c e a b l e  
f i n e  p a r a l l e l  band ing)  ; 
5. I n t e r m o u n t a i n  v a l l e y  d e p r e s s i o n  of t h e  I f n i  R i v e r ,  c o n s i s t i n g  o f  s c h i s t s  
and o t h e r  s o f t  Cambrian r o c k s  w i t h  s e m i - a r i d  s p a r s e  forests  (Argan ia  S p i n o s a )  ; 
n o t e  t h e  a r c h e d  b r a c h y - a n t i c l i n e  s t r u c t u r e s  ( e l l i p t i c  s p o t s  w i t h  a x i s  o r i e n -  
t a t i o n  from South-west  t o  N o r t h - e a s t )  ; 
8. Archean i n t r u s i v e  m a s s  i n  t h e  I f n i  r e g i o n  w i t h  x e r o p h y t i c  t r e e - s h r u b  
v e g e t a t i o n  ( d a r k  s h a d e )  ; 
9 .  High A t l a s  and A n t i  A t l a s  mountain r a n g e s  w i t h  c o n i f e r o u s  fores t  vege ta -  
t i o n  ( P i n u s ,  J u n i p e r u s ,  Cedrus s p e c i e s ) ,  marked by cumulus c l o u d  r i d g e s ;  
1 0 .  M a r i t i m e  p l a i n  of Oued Sous wi th  a l l u v i a l - m a r i n e  d e p o s i t s ;  
11. Low s t r a t u s  c l o u d s  above t h e  sea, which b r e a k  of f  s h a r p l y  a l o n g  t h e  
c o a s t l i n e ;  
12. Cape G i r  ( o r  R h i r )  . 
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l u t i o n  o f  0 . 3  km. The r e s o l u t i o n  o f  t h e  l a t t e r  i s  comparable  w i t h  
t h a t  of photcgraphs t r a n s m i t t e d  t o  E a r t h  by s p a c e  v e h i c l e s ,  b u t  
t h e  area cove red  by t h e  photographs  i s  smaller i n  t h i s  case, and 
is  r e d u c e d  t o  1 0 0  km2. T h i s  f a c t  w a s  found t o  be so  s i g n i f i c a n t ,  
s i n c e  it w a s  d i f f i c u l t  t o  t i e - i n  t h e  pho tographs ,  t h a t  t h e  u s e  of 
na r rew-ang le  caiieras had t o  b e  abandoned i n  s u b s e q u e n t  T i r o s  s a t e l -  
l i t e s .  However, p i c t u r e s  o b t a i n e d  from T i r o s  s a t e l l i t e s  w i t h  narrow- 
a n g l e  cameras are p r e c i s e l y  t h o s e  which w x h i b i t  t h e  greatest  v a l u e  
for  t h e  g e o g r a p h i c  i n t e r p r e t a t i o n  p u r p o s e s .  

Several hundred  thousand  photographs  have been o b t a i n e d  w i t h  
Tiros sa te l l i t es ,  b u t  o n l y  a very s m a l l  number ( less t h a n  1%) are 
s u i t a b l e  f o r  s t u d y i n g  t h e  l a n d  surface [61.  The v a s t  m a j o r i t y  of 
such  T i r o s  pho tographs  c o n t a i n  p i c t u r e s  of c l o u d  f o r m a t i o n s  or 
o c e a n s ,  t h e i r  o b l i q u e n e s s  ( p e r s p e c t i v e )  i s  t o o  g rea t ,  and t h e y  show 
a l a c k  of c o n t r a s t ,  e x h i b i t  e l e c t r o n i c  n o i s e  and i n t e r f e r e n c e s  d u r i n g  
t r a n s m i s s i o n  t o  E a r t h ,  and are d i f f i c u l t  t o  t i e - i n e  w i t h  t h e  g iven  
l o c a t i o n .  I n  s p i t e  of t h e i r  l o w  r e s o l u t i o n ,  t h e  p i c t u r e s  t r a n s m i t t e d  
from Tiros sa te l l i t es  make i t  p o s s i b l e  t o  d i s t i n g u i s h  ( i d e n t i f y )  t h e  
s t r u c t u r e  of c l o u d  f o r m a t i o n s ,  t h e  b o u n d a r i e s  of  ice c o v e r s ,  t h e  
forms of macro- and m e s o r e l i e f ,  t h e  large f e a t u r e s  o f  a g e o l o g i c a l  
s t r u c t u r e ,  c e r t a i n  t y p e s  of v e g e t a t i o n ,  t h e  c o n t o u r s  o f  a hydrogra-  
p h i c  s y s t e m  (ne twork)  , glac ie rs ,  w a t e r  reservoirs and snow c o v e r s  
(Fig-4). Sq'stcms of this t y p e  are p a r t i c u l a r l y  e f f e c t i v e  i n  s t u d y i n g  
r a p i d l y  chang ing  rhy thmic  and  even c a t a s t r o p h i c  components o f  t h e  
l a n d s c a p e ,  such  as t h e  movement of a t m o s p h e r i c  masses [ 9 ,  1 3 1 ,  t h e  
changes  i n  ice s h e e t s  ( ice  c a p s )  [ 3 1 ] ,  t h e  dynamics o f  snow c o v e r s  [ l o ] ,  
t h e  a p p e a r a n c e  of large fires [ 2 9 ] ,  f l o o d s ,  e tc .  Even g r e a t e r  possi- 
b i l i t i e s  o f  p r a c t i c a l  a p p l i c a t i o n  are e x p e c t e d  f r o m  t h e  Nimbus prog-  
ram, whose f i r s t  s a t e l l i t e  w a s  l aunched  i n  August  1964 a l o n g  a sub-  
p o l a r  o r b i t .  Nimbus pho tographs  p r o v i d e  a greater  r e s o l u t i o n ,  are 
a lways  v e r t i c a l ,  and cover t h e  e n t i r e  E a r t h  f o r  a p e r i o d  o f  a t  l e a s t  
2 4  h o u r s  [ 6 ] .  A t  n i g h t ,  t h e  photographs  are t a k e n  by i n f r a r e d  ra- 
d i a t i o n  detectors i n  an  a tmosphe r i c  t r a n s p a r e n c y  window of abou t  
4 p m .  i l l .  

ADVANTAGES O F  SPACE PHOTOGRAPHY OF THE EARTH 

T h e  pho tograph ing  of t h e  Ea r th  from o u t e r  space i s  e s s e n t i a l l y  
e q u i v a l e n t  t o  a s u p e r h i g h - a l t i t u d e  ( a t  a l t i t u d e s  g r e a t e r  t h a n  
50 km) and  u l t r a s m a l l - s c a l e  ae ropho tography ,  and t h e  development  of  
s p a c e  photography i s  based  on t h e  u s e  of t e c h n i q u e s  and methods u s e d  
i n  t a k i n g  pho tographs  from t h e  atmosphere (see n o t e  3 ) .  A t  t h e  same 
t i m e ,  s p a c e  photography e x h i b i t s  a number of a d v a n t a g e s  over aero- 

N o t e  3 .  Whereas i n  ear l ier  ears ae ropho tography  w a s  l i m i t e d  t o  
" t r a d i t i o n a l "  scales of 1/104: t o  1 / 5 * 1 0 4 ,  t h e  t endency  i n  r e c e n t  
y e a r s  i s  towards  t h e  u s e  o f  " m u l t i p l e  scales" 1301. On t h e  one  hand 
t h e r e  i s  n o t e d  t h e  development  of a s u p e r l a r g e - s c a l e  photography on 
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pho tography .  These a d v a n t a g e s  can a l so  be r educed  t o  a g e n e r a l i -  
z a t i o n  o f  g e o g r a p h i c  i n f o r m a t i o n  i n  t h e  f o l l o w i n g  t h r e e  d i r e c t i o n s .  

l l o r i z o n t a l  I n t e g r a t i o n .  T h e  p r i n c i p a l  of s p a c e  photography 
i s  t h e  p o s s i b i l i t y  of a c h i e v i n g  a n - e x t e n s i v e  s u r v e y  of t h e  l o c a t i o n  
and  a t e r r i t o r i a l  g e n e r a l i z a t i o n  of t h e  s t r u c t u r e  of n a t u r a l  o b j e c t s .  
Space  photography covers an area of t housand ,  s c o r e  of thousand  and 
even  hundred  thousand  s q u a r e  k i l o m e t e r s .  On such  pho tographs ,  w e  
can  o b s e r v e  l a r g e  r e g i o n a l  and g l o b a l  s t r u c t u r e s ,  w e  can f i n d  re la-  
t i o n s  between d i s t a n t  o b j e c t s ,  and w e  c a n  s t u d y  z o n a l  r e g u l a r i t i e s  
which are  d i f f i c u l t  t o  e s t a b l i s h  n o t  o n l y  d u r i n g  ground o b s e r v a t i o n s  
b u t  a l so  i n  s t a n d a r d  a e r o p h o t o g r a  h s .  At tempts  t o  i m i t a t e  s p a c e  

mosa ic s  made up o f  small-scale ae ropho tographs  (wi th  a scale o f  
1 / 5 - 1 0  '1  w e r e  u n s u c c e s s f u l :  t o n e  ( s h a d e )  d i f f e r e n c e s  w e r e  d i s t o r t e d  
o n  t h e s e  pho tographs  as a r e s u l t  of m u l t i p l e  r e p r o d u c t i o n .  I n  a d d i -  
t i o n ,  such  work would r e q u i r e  t h e  drawing o f  an enermous number o f  
f i n e - p r e c i s i o n  photo-mosa ics ,  which i s  p r a c t i c a l l y  i m p o s s i b l e  f o r  
many terri tories . 

pho tographs  ( w i t h  a scale o f  1 / 1 0  ! ) by m u l t i p l e  r e d u c t i o n  of photo-  

The small-scale c h a r a c t e r  of  s p a c e  pho tographs ,  i n  a d d i t i o n  
t o  t h e  e x t e n t  o f  t h e  area cove red ,  a l s o  e n s u r e s  a h o r i z o n t a l  i n t e g -  
r a t i o n .  Space pho tographs  of t h e  E a r t h  have an  o r i g i n a l  scale o f  
1 / 3 - 1 0 '  t o  l / 2 - 1 0 7 .  A t  such  a s c a l e ,  p i c t u r e s  of  f e a t u r e s  of  t h e  
E a r t h ' s  s u r f a c e  become g e n e r a l i z e d  and  free of c e r t a i n  s p e c i f i c  
t r a i t s ,  and  w e  t h u s  o b t a i n  a p i c t u r e  o f  l a r g e  s t r u c t u r a l  f e a t u r e s  
o f  the E a r t h ' s  s u r f a c e .  The g e n e r a l i z a t i o n  o f  l a r g e - s c a l e  f i e l d  
maps by t h e  u s u a l  c a r t o g r a p h i c  methods i n  o r d e r  t o  o b t a i n  s m a l l -  
scale  r ev iew maps i n c l u d e s  so many s tages  t h a t  t h e  l a t t e r ,  as a 
r u l e ,  lose t h e i r  s p e c i f i c  ( c o n c r e t e )  c h a r a c t e r .  A t e r r i t o r i a l  
g e n e r a l i z a t i o n ,  which i s  performed d i r e c t l y  f r o m  t h e  p h o t o g r a p h i c  
p i c t u r e ,  w i l l  a l l o w  a more o b j e c t i v e  p r o c e s s  of  c o m p i l a t i o n  o f  
s p e c i a l  small-scale maps i n  t h e  same way as i n  t h e  c o m p i l a t i o n  o f  
large-scale maps from a e r i a l  photographs .  

V e r t i c a l  I n t e g r a t i o n .  Aerophotography h a s  a l r e a d y  been used  
f o r  a long- t ime as a means of a s sembl ing  d a t a  on d i f f e r e n t  components 
of t h e  l i t h o - ,  b i o -  and hydrosphere  o f  t h e  l a n d s c a p e  by i n t e g r a t i n g  
t h e i r  p i c t u r e s  i n  a s i n g l e  ae r i a l  photograph  i n t o  a d e f i n i t e  n a t u r a l  
complex. However, t h e  drawback of ae ropho tography  l a y  i n  t h e  f a c t  
t h a t  components o f  t h e  c l ima t i c  s p h e r e  ( w i t h  t h e  e x c e p t i o n  o f  c e r t a i n  
microclimatic c o n d i t i o n s )  w e r e  exc luded  from t h e  complex l a n d s c a p e  
r e p r e s e n t e d  i n  t h e  a e r i a l  photograph .  The u s e  o f  space  photography 

a scale of 1 / 1 0 3  and above (up  t o  1 / 1 0 2 )  from h e l i c o p t e r s ,  b a l l o o n s  
and mob i l e  towers which r e f l e c t s  t h e  shape  o f  i n d i v i d u a l  p l a n t  crowns,  
t h e  s t r u c t u r e  of phy tocoenoses ,  e t c .  [ 2 5 ] .  On t h e  o t h e r  hand,  ex- 
p e r i m e n t s  are b e i n  c a r r i e d  o u t  i n  u l t r a s m a l l - s c a l e  ae ropho tography  
o n  a scale of 1 /10?  and smal le r  from h i g h - a l t i t u d e  a i r c r a f t  and 
s t r a t o s p h e r i c  b a l l o o n s ,  which y i e l d s  l a r g e - s i z e  f e a t u r e s  o f  t h e  
s t r u c t u r e  o f  t h e  E a r t h ' s  s u r f a c e  [ 1 2 ,  151. 
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'. . , ' .' 
. s c ;  

L :,'*--.. Tiros-I  on 2 1  May 1 9 6 0  w i t h  a 

i.t., 1; Photograph  of  t h e  e a s t e r n  

a d j a c e n t  t e r r i t o r y  o b t a i n e d  f r o m  
:, p a r t  of Lake Issyk-Kul  and ; : ! *  

I .. . * '  narrow-angle  camera ( 1 2 . 7 0 )  , 
r f  

f =  4 0  mm, frame s i z e  6 .3  x 6 . 3  mm, 
o r i g i n a l  scale 1 / 1 7 - 1 O 6 - 1 / 1 9 * 1 O 6 ,  
i n  a d i r e c t i o n  close t o  t h e  
v e r t i c a l  and  t r a n s m i t t e d  t o  E a r t h  
by means of an a u t o m a t i c  t e l e v i s i o n  
t r a n s m i s s i o n  s y s t e m  (APT) 2 2 1 .  

.* I 

1. Lake Issyk-Kul:  deep  water  

50 m ,  even  d a r k  s h a d e )  and s h a l l o w  
w a t e r  r e g i o n s  ( b  - even  g r e y  s h a d e ) ;  

*'." r e g i o n s  ( a  - d e p t h  g r e a t e r  t h a n  

2. C o a s t a l  and g e n t l y  s l o p i n g  

wood s t e p p e s  ( and  mesophyt ic  l e a f -  
s h e d d i n g  s h r u b  s t e p p e s  of t h e  " s h i b l y a k  t y p e )  on pro luvium and a l l u -  
v i  -pro luvium d e p o s i t s  h a v i n g  a loessial  a p p e a r a n c e ,  c u l t i v a t e d  t o  
a grea t  e x t e n t  i n  t h e  form of d r y  and i r r i g a t e d  f a rming ,  a t  a l t i t u d e s  
up t o  2200-2300 m; 

-.A I p iedmont  zone of f e a t h e r  grassworm- k A d - d . %  . 'i . . - -.\i--r-. 

3 .  R i v e r  v a l l e y s  i n  t h e  piedmont p l a i n  w i t h  m e a d o w  and coastal  
water  v e g e t a t i o n  (Tyup and Dzhargalan Rivers ,  e tc .  ) ; 

4 .  Deeply i n c i s e d ,  i n t e r m o u n t a i n  consequen t  r i ve r  v a l l e y s  on 
t h e  n o r t h e r n  s l o p e s  of t h e  Te r ske i -Ala t au  r a n g e  w i t h  m e a d o w  s t e p p e s  
and  c o n i f e r o u s  (main ly  Tyanl-Shan f i r )  f o r e s t s  a t  a l t i t u d e s  up t o  
2600 ( 3 0 0 0 )  m; 

5. Deeply i n c u s e d  i n t e r m o u n t a i n  r i v e r  v a l l e y s  on t h e  s o u t h e r n  
slopes of t h e  T e r s k e i - A l t a u  r a n g e ,  w i t h  m e a d o w ,  f e a t h e r  grassworm- 
wood and s h r u b  steppes a t  t h e  same a l t i t u d e  leve ls ;  

6 .  Mountain wormwood-feather g r a s s  s t e p p e s  and c u s h i o n s  of 
t h e  Naryn River b a s i n  a t  a l t i t u d e s  up t o  3000 m;  

7.  S u b a l p i n e  mountain b e l t  and r a n g e  of e l e v a t e d  wacersheds  
w i t h  s u b a l p i n e  m e a d o w s  and s p a r s e  f o r e s t s ,  mountain s t e p p e s  and  
c u s i o n s ;  h i l l s i d e  wastes and bedrock o u t c r o p s  a t  a l t i t u d e s  up t o  
3500 - 3700 m; 

8 .  High-mountain b e l t  w i t h  a l p i n e  m e a d o w s ,  h igh-mountain 
cus l t ions  and  snow c o v e r  (permanent  above 4000 - 4 4 0 0  m) and  s m a l l  
g lac ie rs  i n  t h e  Kungei-Altau,  Te r ske i -Ala t au ,  A k s h i i r a k  and K u i l y u t a u  
mountain r a n g e s ;  

9 .  Regions of c o n t i n u o u s  ( a )  and v a r i a b l e  (b)  c l o u d  f o r m a t i o n s .  
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a l lowed  f o r  t h e  f i r s t  t i m e  a complete i n t e g r a t i o n  of  a l l  components 
o f  the l a n d s c a p e  from t h e  g e o l o g i c a l  s t r u c t u r e  t o  t h e  upper  l a y e r s  
of the a tmosphere .  A l a rge  number of examples  h a s  a l r e a d y  been 
c i t e d  on t h e  i n t e r p r e t a t i o n  of t h e  r e l a t i o n s h i p  between t h e  s t r u c -  
t u r e  of  t h e  c l o u d  c o v e r  (and  a t  t h e  same t i m e  of m e t e o r o l o g i c a l  
c o n d i t i o n s )  and t h e  s t r u c t u r e  o f  t h e  s u r f a c e .  Thus ,  f o r  example,  
i n  F i g u r e  3 ,  a l o n g  t h e  W e s t  c o a s t  o f  A f r i c a  where t h e  r e l a t i v e l y  
c o l d  ocean  m a s s  o f  t h e  Canary I s l a n d  a n t i - t r a d e  w i n d  f low comes 
i n t o  c o n t a c t  w i t h  t h e  t r o p i c a l  d e s e r t s  of  Sou the rn  Morocco, a 
s h a r p  boundary i s  n o t e d  between t h e  c o n t i n u o u s  s t r a t u s  c l o u d s  above 
t h e  sea and  t h e  c l o u d l e s s  c o n d i t i o n s  above t h e  c o n t i n e n t .  On t h e  
c o n t r a r y ,  cumulus c l o u d s  d r i f t i n g  towards  t h e  A t l a s  mountain r ange  
are  o b s e r v e d  o v e r  t h e  l a n d .  From s p a c e  pho tographs  i t  i s  p o s s i b l e  
t o  detect  the c o n n e c t i o n  between o t h e r  l a n d s c a p e  components,  such  
as between t h e  snow -3ver d i s t r i b u t i o n  and t h e  r e l i e f ;  t h e  l a t e r a l  
c o u r s e  o f  f r a c t u r e d ,  i n t r u s i v e  and f o l d  g e o l o g i c a l  s t r u c t u r e s  t h e  
d i s t r i b u t i o n  of  v e g e t a t i o n  t y p e s ,  l a n d  c u l t i v a t i o n  forms and t h e  
s t r u c t u r e  o f  v a r i o u s  l a n d s c a p e s .  

Dynamic I n t e g r a t i o n .  The p r e s e n c e  o f  permanent  o r b i t a l  s p a c e  
s t a t i o n s  makes i t  p o s s i b l e  t o  o b t a i n  a p i c t u r e  of any i l l u m i n a t e d  
p a r t  of t h e  E a r t h  a t  var ious t i m e  i n t e r v a l s  r a n g i n g  from minutes. 
and h o u r s  t o  months and y e a r s .  A comparison o f  s u c c e s s i v e  series 
of  pho tographs  w i l l  p e r m i t  u s  t o  s t u d y  t h e  dynamics and rhy thmic  
c h a r a c t e r  o f  n a t u r a l  p r o c e s s e s  i n  v a s t  terr i tor ies .  A t  t h e  same 
t i m e ,  i f  t h e  s u c c e s s i v e  series o f  pho tographs  are o b t a i n e d  by u s i n g  
a s i n g l e  pho tograph ing  sys t em,  a h igh  d e g r e e  o f  c o r r e l a t i o n  can be 
a c h i e v e d .  Photographs  o b t a i n e d  from s a t e l l i t e s  by t e l e v i s i o n  
methods can  be  used  i n  t h e  s t u d y  of r a p i d l y  chang ing  components of  
t h e  l a n d s c a p e  and c a t a s t r o p h i c  phenomena, such  as t h e  movement o f  
c y c l o n e s  and  w e a t h e r  f r o n t s ,  t h e  dynamics of  snow c o v e r s  and ice  
c a p s ,  m a n i f e s t a t i o n s  o f  vo lcano  a c t i v i t i e s ,  t h e  e x t e n t  ( s i z e )  of 
l a r g e  f o r e s t  f i r e s  and f l o o d s ,  e t c .  Photographs  t r a n s m i t t e d  t o  t h e  
E a r t h  from r o c k e t s  and space  v e h i c l e s  are used  f o r  s t u d y i n g  t h e  
dynamics o f  v e g e t a t i o n  d u r i n g  s e a s o n a l  p e r i o d s  and  a span  of many 
y e a r s ,  as w e l l  as t h e  v a r i o u s  forms of l a n d  c u l t i v a t i o n .  

Some T e c h n i c a l  Advantages.  A number o f  t e c h n i c a l  advan tages  
p e r t a i n i n g  t o  s p a c e  photography ove r  ae ropho tography  s h o u l d  b e  n o t e d .  
The absence  o f  e x t e r n a l  v i b r a t i o n s ,  which g r e a t l y  r educe  t h e  t r u e  
( a c t u a l )  r e s o l v i n g  power of photographs  t a k e n  from a i r c r a f t ,  i s  a 
f a v o r a b l e  f a c t o r  f o r  o b t a i n i n g  photographs  w i t h  a h i g h  r e s o l u t i o n .  
S a t e l l i t e s  can  be equ ipped  w i t h  a e r i a l  photocameras  hav ing  u n l i m i t e d  
long- focus  l e n s e s  (up  t o  s e v e r a l  meters), p r o v i d e d  t h e  d imens ions  
o f  t h e s e  cameras do n o t  i n t e r f e r e  w i t h  t h e  movement i n  o u t e r  s p a c e .  
T h i s  f a c t  w i l l  make i t  p o s s i b l e  t o  i n c r e a s e  ground r e s o l u t i o n  and 
t o  o b t a i n  pho tographs  w i t h  a s c a l e  o f  1:50,000 [19]. By o b t a i n i n g  
u l t r a s m a l l - s c a l e  pho tographs  w i t h  long- focus  cameras  i t  i s  p o s s i b l e  
t o  improve their p h o t o g r a p h i c  q u a l i t y  as a r e s u l t  o f  a more un i fo rm 
i - l l u m i n a t i o n  ( l i g h t  e x p o s u r e )  o f  t h e  n e g a t i v e s .  I f  w e  t a k e  i n t o  
a c c o u n t  t h e  l a r g e  areas cove red  and t h e  f r e q u e n t  r e p e t i t i o n  of t h e  
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p h o t o g r a p h i c  p r o c e s s ,  even  w i t h  t h e  h i g h  costs of t h e  a c t u a l  
l a u n c h i n g ,  i t  can be  r e a s o n a b l e  assumed t h a t  t h e  c o s t  o f  i n d i -  
v i d u a l  s p a c e  pho tographs  w i l l  g e n e r a l l y  n o t  be t o o  h i g h .  F i n a l l y ,  
t h e  p r e s e n c e  of  o r b i t a l  s p a c e  s t a t i o n s  t r a n s m i t t i n q  p i c t u r e s  t o  
t h e  E a r t h  makes it p o s s i b l e  t o  o b t a i n  t h e  most ' ' f r e s h "  images of 
any i l l u m i n a t e d  and c l o u d l e s s  parts of t h e  g l o b e  i n  r e s p o n s e  t o  
t h e  f i r s t  r e q u e s t  o f  a r e s e a r c h  s c i e n t i s t .  Thus,  a program i s  
a l r e a d y  a v a i l a b l e  i n  t h e  USA f o r  supp ;y ing  cus tomers  w i t h  ro l l s  
o f  f i l m  c o n t a i n i n g  pho tographs  of t h e  E a r t h  o b t a i n e d  from T i r o s  
s a t e l l i t e s  [SI. 

C O N C L U S I O N  

To conc lude  o u r  d i s c u s s i o n ,  we must ment ion a number of s h o r t -  
comings o f  s p a c e  photography and c e r t a i n  problems concerned  w i t h  
i t s  development  from t h e  s t a n d p o i n t  o f  g e o g r a p h i c  s t u d i e s .  

F i r s t ,  it i s  n e c e s s a r y  t o  p o i n t  o u t  t h e  m o s t  s i g n i f i c a n t  draw- 
back of  s p a c e  photography as a whole: no  s i n g l e  s p a c e  f l i g h t  i n s t r u -  
ment a v a i l a b e  ( w i t h  t h e  e x c e p t i o n  o f  t h e  A r c t i c  Meteorology Photo  
Probe program) h a s  been b u i l t  s p e c i f i c a l l y  f o r  t h e  pu rpose  o f  photo-  
g r a p h i n g  t h e  s u r f a c e  o f  t h e  E a r t h ,  and  t h e  pho tograph ing  w i t h  t h e s e  
i n s t r u m e n t s  w a s  c a r r i e d  o u t  as a supp lemen ta l  o p e r a t i o n  of t h e  
f l i g h t  program ( m i s s i o n ) .  T h i s  f a c t  e x p l a i n s  why s p a c e  pho tographs  
o f  t h e  E a r t h ' s  s u r f a c e  are s t i l l  of low q u a l i t y .  To improve t h e  
q u a l i t y  o f  s p a c e  pho tographs  it i s  n e c e s s a r y  t o  use  somewhat more 
modern s t a n d a r d  a e r o p h o t o g r a p h i c  i n s t r u m e n t s  and ae r i a l  f i l m s  a l r e a d y  
u t i l i z e d  i n  ae ropho tography .  The t r e n d  i n  t h e  development  of s p a c e  
p h o t o g r a p h i c  t e c h n i q u e s  i s  aimed a t  a c h i e v i n g  a ground r e s o l u t i o n  
o f  d c t a i l s  n o t  greater  t h a n  2 0  m ,  a t  o b t a i n i n g  pho tographs  which are 
as v e r t i c a l  as p o s s i b l e ,  which m e e t  t h e  r e q u i r e m e n t s  of  s t e r e o p h o t o -  
g rammet r i c  p r o c e s s i n g ,  and which a r e  r e c e i v e d  on e a r t h  a t  a c o n s t a n t  
and r e g u l a r  ra te .  I t  would be d e s i r a b l e  t h a t  p h o t o g r a p h i c  images of 
t h e  E a r t h  be c o n s t a n t l y  t r a n s m i t t e d  from s a t e l l i t e s  th rough  t e l e v i s i o n  
c h a n n e l s  f o r  a p r e l i m i n a r y  decoding and  a l so  t h a t  such  pho tographs  be 
d e l i v e r e d  t o  t h e  E a r t h  i n  c o n t a i n e r s .  I n  v i e w  of  t h e  f a c t  t h a t  t h e  
problem o f  a p h o t o g r a p h i c  s t u d y  of t h e  E a r t h ' s  s u r f a c e  i s  a v e r y  complex 
and s p e c i f i c  problem, i t  i s  n e c e s s a r y  t o  work o u t  r e q u i r e m e n t s  and 
b u i l d  a s p e c i a l  " g e o g r a p h i c  earth s a t e l l i t e " .  

T h e  cl iaractcrist ic f e a t u r e  of s p a c e  photography i s  t h a t  a 
c o n s i d c r a b l c  number o f  photographs  o f  t h e  E a r t h ,  c o n t a i n i n g  e x t e n s i v e  
and v a r i e d  i n f o r m a t i o n ,  i s  r a p i d l y  o b t a i n e d .  Extremely complex 
t e c h n i q u e s  a r e  used  i n  o b t a i n i n g  space  pho tographs .  The u s u a l  v i s u a l  
q u a l i t a t i v e  methods w i l l  n o t  be a b l e  t o  p r o v i d e  a comple te  u t i l i z a t i o n  
o f  t h e  i n f o r m a t i o n  a v a i l a b l e  i n  t h e s e  pho tographs  and a s u f f i c i e n t  
s p e e d  f o r  t h e i r  i n t e r p r e t a t i o n .  For a r a p i d  i n t e r p r e t a t i o n  of s p a c e  
pho toqraphs  i t  i s  n e c e s s a r y ,  f i r s t ,  t o  create a sys t em b a s e d  on s m a l l -  
scale a c r o p h o t o g r a p h i c  d a t a ,  of p h o t o g r a p h i c  s t a n d a r d s  w i t h  a scale o f  
1 / 1 0 1 t - 1 / 2 - 1 0 '  , from which a t i e - i n  and p r e l i m i n a r y  i n t e r p r e t a t i o n  o f  
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s p a c e  pho tographs  c o u l d  b e  accomplished.  Then, i t  i s  a l s o  n e c e s s a r y  
t o  b u i l d  mic ropho tomet r i c  decoding d e v i c e s  which would a l l o w  a more 
d e t a i l e d  a n a l y s i s  o f  s p a c e  photographs .  

F i n a l l y ,  i f  w e  c o n s i d e r  t h e  unique c h a r a c t e r  o f  t h e  d a t a  
o b t a i n e d  by s p a c e  pho tography ,  such d a t a  s h o u l d  be  c a r e f u l l y  s y s -  
t e m a t i z e d .  A l a rger  number o f  t h e s e  d a t a  are of v a l u e  on ly  i f  t h e y  
can  b e  u t i l i z e d  immedia te ly  a f t e r  t h e i r  t r a n s m i s s i o n  or  d e l i v e r y  t o  
t h e  E a r t h .  I t  i s  i n d i s p e n s a b l e  t h a t  s p a c e  pho tographs  ( i n  t h e  same 
way as a e r i a l  pho tographs )  be  wide ly  used  and s u b j e c t  t o  an e x t e n -  
s i v e  i n t e r p r e t a t i o n  by v a r i o u s  s p e c i a l i s t s .  

* * * THE END * * * 
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